Province. The total medical expenses relating to diabetes in Hainan Province in 2016, institutional flow directions, the composition of service functions and the distribution of the healthcare costs to beneficiaries were analyzed based on the System of Health Account 2011. The STATA version 12.0 statistical software package was used to collate operation data, and SPSS software was used to carry out regression analysis on the factors affecting hospitalization costs. Results: In 2016, the total medical expenses for the treatment of diabetes in Hainan Province was 242.17 billion renminbi (RMB), of which 81.95% was spent in high-level hospitals and 14.71% was spent in medical institutions providing primary care. There was little difference between outpatient and hospitalization expenses (53.01 and 46.99%, respectively). Hospitalization accounted for 77.62% of the expenses of medical institutions providing primary care. Older patients were found to spend more on medical and drug expenditure. Conclusion: The economic burden of healthcare expenses for the treatment of diabetes in Hainan Province is massive, and patient treatment is concentrated in large hospitals. It is necessary to inform patients to focus more on medical institutions that provide primary care, adjust the proportion of medical insurance reimbursement, control the cost of hospitalization and strengthen the healthcare management of middle-aged and elderly diabetic Yuanyuan Dong and Chunping Liu are co-first authors.
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The treatment of diabetes consumes considerable healthcare resources, resulting in high medical costs, which places a heavy economic burden on society, patients and their families.
The aim of this research was to study, on the scale of medical expenses for diabetic patients in Hainan Province in 2016, the distribution of the expenses of the beneficiaries and the flow direction of institutions, to provide a reference for health departments to formulate health policies and allocate medical resources rationally.
What was learned from the study?
The medical burden of diabetes treatment in Hainan Province is heavy, and patient treatment is concentrated in large hospitals. It is necessary to inform patients to focus more on medical institutions that provide primary care, adjust the proportion of medical insurance reimbursement, control the cost of hospitalization and strengthen the healthcare management of middle-aged and elderly diabetic patients.
The medical expenses of diabetes treatment mainly flow to high-level medical institutions, and medical institutions providing primary care fail to function fully in their role of ''gatekeeper.'' Early prevention and early treatment of diabetes mellitus will likely be the key to reduce the burden of medical expenses for diabetes mellitus in the future.
INTRODUCTION
Diabetes mellitus is a group of metabolic diseases characterized by hyperglycemia [1] . With the rapid economic developments and the abrupt transition of lifestyles and society in recent years, morbidity and mortality linked to diabetes are increasing rapidly worldwide [2] , with the number of diabetic patients increasing year by year. According to a recent survey, around 415 million adults globally have diabetes, of whom approximately 110 million are in China [3] . China has become the secondlargest country with diabetes after India. Updated data show that the estimated overall prevalence of diabetes and prediabetes in Chinese adults is 10.9 and 35.7%, respectively [4] .
Diabetes, accompanied by multiple complications, cannot be cured and requires life-long medication. Patients with diabetes are fourfold more likely to suffer from cerebrovascular disease and heart disease than those without diabetes, and the mortality of a diabetic person with hypertension is sevenfold higher than that of a person with uncomplicated hypertension [5] . The treatment of diabetes requires extensive use of medical resources, resulting in high medical costs. These costs are a heavy economic burden on society, patients and their families alike and have a serious impact on social development at both the individual and population level. Studies have shown that diabetes is beginning to shift to younger age groups, such as teenagers, with this trend growing in recent years. This trend towards rejuvenation is an invisible burden to the family [6] . With the advent of complications, there will also be conflicts between work and treatment, which will also negatively affect the economic burden of the family and society. It is therefore evident that diabetes has become a public health problem that cannot be ignored.
In the study reported here, we have evaluated the economic burden of diabetes patients seeking medical treatment in Hainan Province. We chose Hainan Province because it provides a significant reference point for such studies in China, with average levels of both economic and medical development in comparison to other provinces. We also established a comparable database for other provinces, which will allow us to perform similar studies in the future. It must be noted that the study of the disease burden is still in its infancy in Hainan Province, with only a few large-scale and high-quality studies on this subject in Hainan Province [7] . To our knowledge, no research report on the cost of diabetes treatment in Hainan Province has ever been published. In the present study, we studied the scale of medical expenses for diabetic patients in Hainan Province in 2016, the distribution of the expenses of the beneficiaries and the flow direction of institutions, with the aim to provide a reference for health departments to formulate health policies and allocate medical resources rationally.
The System of Health Account 2011 (SHA 2011) is a well-known health cost accounting system worldwide that was formulated by the World Health Organization (WHO), the Organization for Economic Cooperation and Development (OECD) and the European Union Statistical Office (EUROSTAT) [8] . The application of this new accounting system to a study of medical expenses in Hainan Province can bring these expenses better in line with international standards and improve the international and domestic comparability of these expenses in Hainan Province. It can help contribute to modifications of health policies and the allocation of medical resources in Hainan Province.
This overall purposes of this study was to evaluate the economic burden of diabetes patients in seeking medical treatment by calculating the medical cost of diabetes in Hainan Province and to propose countermeasures to improve the medical condition of patients and relieve the economic pressure.
METHODS

Data Source
All of the data were derived from the annual report of health statistics of Hainan Province in 2016 and the annual report of health finance of Hainan Province in 2016. The health statistics yearbook and health financial annual report were provided by the Hainan Health Career Development Center. The case data came from 283 medical institutions and public health institutions in Hainan Province through a sampling survey.
Data Sample
The study used a multistage stratified random sampling method. The first stage was to select the sample cities and counties, taking into account the level of economic development, medical services and medical information management system in Hainan Province, as well as other factors. We chose a prefecture-level city, Haikou, and three counties, including Wenchang (considered to be a county-level city), Chengmai and Dingan. The second stage was to select survey areas. For this purpose, we extracted two districts from Haikou-Qiongshan district and Longhua district-and three towns and three villages from each of the three counties. In the third stage, we selected medical institutions in the selected areas according to the level and type of medical institutions. A total of 283 health institutions were selected, including ten in Hainan Province, eight in Haikou City, 45 in Wenchang City (county), 39 in Qiongshan District, 54 in Longhua District, 73 in Chengmai County and 54 in Dingan County. The data on outpatient and inpatient cases collected from the sample survey institutions were classified on the basis of the medical and health system in Hainan Province. Once all invalid or incorrect data had been removed, the available data encompassed a total of 2,529,946 samples. The basic information included patient's sex, age, disease diagnosis, medical expenses, type of medical insurance payment, type of medical institutions, among other factors. Patients with endocrine, nutritional and metabolic diseases in Hainan Province in 2016 were included in the study. The types of diabetes (type 1 diabetes, type 2 diabetes, malnutritional diabetes) and their complications were studied. Patient information was normalized according to the ''International classification of diseases, tenth revision'' (ICD-10; https://www. who.int/classifications/icd/en/).
The main factors influencing hospitalization medical expenses of 12,171 diabetic patients were statistically analyzed.
Statistical Methods
The accounting principles and methods adopted in the study are according to the revised edition of ''A system of health accounts 2011'' [8] and are further explained in the following sections.
Accounting of Medical Expenses
The medical expenses (C ME ) covered in this study include treatment income and basic expenditure subsidy, and the outpatient and inpatient medical expenses are included in the service function. The formula is as follows:
where C KINC represents the treatment income of various medical institutions, and C KSUB represents the basic expenditure subsidy of various medical institutions.
To calculate treatment income, we used the following formula:
where C TINC represents the actual total income of different medical institutions, a represents the total income of sample institutions, a p represents the total income of prevention services in the sample and (1 -a p )/a represents the proportion of treatment income of sample institutions to the total income of sample institutions after excluding prevention services. The actual treatment income is expressed by C IINC , where a i represents the treatment income of the case in the sample, and a i /(aa p ) represents the proportion of the treatment income of the case in the sample after excluding the prevention service income. The formula is as follows:
The basic expenditure subsidy is allocated according to the proportion of service in the sample. C ISUB represents the total actual basic expenditure subsidy of all medical institutions, C TSUB represents the total basic expenditure subsidy of various medical institutions, C PSUB represents the basic expenditure subsidy of preventive services and S represents the total amount of service in the sample and case services in the sample. The amount is expressed in S i , and the amount of preventive services in the sample is expressed as S p . The formula is as follows:
Analysis of Factors Influencing Hospitalization Expenses for Diabetes
Multiple linear regression modeling was used to analyze the hospitalization expenses and factors influencing diabetes, including age, sex, hospitalization time, operation, insurance payment type, medical institution type, among others, in order to determine the most important factors.
In the multiple linear regression models, the hospitalization expenses of diabetic patients were consided to be dependent variables, the relative variable standard was 0.05 and the criterion for eliminating variables was 0.10. The statistical analysis was conducted using SPSS version 20.0 software (IBM Corp., Armonk, NY, USA).
Compliance with Ethics Guidelines
All procedures performed in studies involving human participants were in accordance with the ethical standards of the Ethics Committee of Hainan Medical University and with the 1964 Helsinki declaration and its later amendments or comparable ethical standards. All informed consent forms and the data used were recorded and kept in accordance with guidelines by the Health Economics Association of Hainan Province. The informed consent forms and the data used were provided to the Ethics Committee of Hainan Medical University, which granted permission for the study.
RESULTS
Medical Expenses for Management of Diabetes Patients and Influencing Factors
The medical expenses due to the management of diabetes patients in Hainan Province can be classified as outpatient expenses and hospitalization expenses, with the outpatient expenses calculated to be 121.84 billion renminbi (RMB) and the hospitalization expenses calculated to be 120.87 billion RMB. The proportion of outpatient expenses and hospitalization expenses to the total medical costs of managing diabetes were 50.04 and 49.96%, respectively. In 2016, the costs of drugs for the management of diabetes mellitus amounted to 94.35 billion RMB, accounting for 38.96% of the total treatment expenses for diabetes, of which 58.90% was in an outpatient setting and 41.10% was in a hospital setting. The results of multiple stepwise regression analysis showed that F = 1089.99, p B 0.001, thereby establishing the regression equation. From the standardized regression coefficient, the top three factors influencing hospitalization expenditure were the length of stay, type of insurance and age (p \ 0.05) ( Table 1) .
The Institutional Flow of Medical Expenses
According to the analysis of the flow direction of diabetes medical expenses in Hainan Province, the majority of patients' medical expenses flowed to the higher-level hospitals (general hospitals and hospitals of traditional Chinese medicine); this amounted to 198.47 billion RMB, accounting for 81.95% of patients' total medical expenses. The proportion of drug charges in patients' costs in hospitals was 47.54%, and the proportion of inspection charges was 24.01% (the proportion of drug and inspection charges in general hospitals was 46.83 and 21.51%, respectively, and that in traditional Chinese hospitals was 31.65 and 29.56%, respectively). A total of 35.62 billion RMB flowed to basic medical institutions (including township hospitals, community health service centers, village clinics and individual clinics), accounting for 14.71% of total patients' costs. In primary hospitals, the proportion of drug charges in patients' costs was 18.09%, and the proportion of inspection charges was 8.27%. Only a small proportion of the medical expenses was spent in outpatient service institutions and public health institutions (3.27 and 0.07%, respectively; Fig. 1 ). 
Composition of Service Functions of Different Medical Institutions
According to our analysis of the composition of medical expenses for the management of diabetes mellitus in different types of medical institutions in Hainan Province, outpatient expenses accounted for 50.04% of medical costs and inpatient expenses accounted for 49.96%. The total, outpatient and inpatient proportions of medical expenses for the management of diabetes mellitus and total costs according to different types of medical institutions in Hainan Province are shown in Fig. 2 and Table 2 , respectively. Fig. 1 The proportion of medical expenses according to medical institution type
Fig. 2 Composition of service functions of different medical institutions
Regarding outpatient expenses of the different institutions managing diabetes mellitus in Hainan Province, the proportion of primary medical and health institutions and outpatient institutions was determined to be 13.11%. A total of 86.83% of outpatient expenses flowed to major hospitals. Based on the analysis of the inpatient expenses of diabetes, general hospitals and traditional Chinese hospitals accounted for 37.78 and 39.30% of total outpatient expenses, respectively.
Distribution of Diabetes Treatment Expenses in Different Age Groups
To further observe the role of age in expenses due to diabetes mellitus management and hospitalization, we divided diabetic patients aged \ 75 years into five age groups. We found that 71.88% of the people aged [ 45 years spent the largest proportion of their medical expenses on diabetes mellitus management; this was especially true for those aged 60-74 years for whom diabetes management accounted for 29.99% of total medical expenses ( Table 3 ). The treatment cost of young and middle-aged diabetic patients aged 30-44 was also very high, accounting for 14.5% of total medical expenses. Of all drug expenses in Hainan Province, 75.56% were consumed by diabetic patients aged [ 45 years. The drug expenses of middleaged and elderly diabetic patients aged [ 60 years exceeded half of the total expenditures for diabetic drugs. In 2016, the composition ratio of the drug costs of diabetes mellitus in Hainan Province was similar to that of the treatment expenses (Table 3 ).
DISCUSSION
The incidence of diabetes in China has increased rapidly in recent years, reaching 9.7% of the general population in 2017 [9] . There are about 136 million diabetes patients worldwide, and diabetes has become a serious public health problem. There are many risk factors for diabetes, and the disease is a life-long condition. With disease progression, patients may develop [11] . In our study, the medical expenses for managing diabetes in Hainan Province added up to 242.17 billion RMB, accounting for 28.3% of the total medical expenses for managing endocrine, nutritional and metabolic diseases (855.71 billion RMB). This suggests that government and health institutions should pay more attention to the financial burden of diabetes and implement additional measures to control the medical expenses. We also found that in terms of diabetes management, the medical and drug expenses for outpatients are higher than those for inpatients. One reason is that patients prefer outpatient treatment and therefore spend more on drug expenses than inpatients because this incurable chronic disease requires long-term medication. Drugs, diagnosis and treatment costs are long-term burdens for patients with chronic diseases [12] . Cost ratios between people with and without diabetes have been reported to range from 1.5 to 4.4, which is different from cost ratios in other diseases [13] [14] [15] . Jacobs et al. found the largest differences in health expenses came from prescribed medication in pharmacies (cost ratio diabetes:no diabetes: 2.2) [16] .
We found that the age and sex of the patient, number of days hospitalized, type of operation, type of medical insurance payment, type of medical institution, level of medical institution and hospitalization expenses had a significant impact on the total medical expense, in accordance with results reported previously [17] . The medical cost of surgical patients is significantly higher than that of other patients, which may be a direct result of the severity of the disease and the higher cost of treatment. Medical insurance has been found to have the potential to promote an increase in medical expenses, with health insurance impacting on a patient's ability to pay and a doctor's behavior regarding diagnosis and treatment [18] . In our study, we reached the same conclusion. One explanation is that patients reimbursed by medical insurance can afford more treatment than self-paid patients. The former prefer high-tech, highly effective therapies and expensive drugs when choosing treatment methods and means, so their costs are likewise higher than those of selfpaid patients. The longer the hospital stay per capita, the higher the cost of treatment. Compared with non-surgical patients, surgical patients stay in the hospital longer, and medical expenses naturally increase. The medical expenses of patients with diabetes mellitus and associated conditions are considerably higher than those of other patients, which may be directly related to the severity of the disease and the cost of treatment [19] .
In terms of overall cost, hospital expenditure occupies the dominant position, with drug and inspection charges in hospitals being higher than those of other institutions. The drug and inspection charges of primary institutions are \ 20% of total medical expenditure, possibly due to patients' trust in hospitals being higher than that in primary healthcare institutions. Due to the serious shortage of medical technical personnel at the primary care level, patients cannot get access to a superior hospital for further study for a long time, and it would appear that the professional level of these personnel cannot be timely and effectively improved. At the same time, the serious shortage of funds in medical institutions providing primary care is a common social phenomenon, Therefore, the technical staff and equipment of primary institutions cannot meet the needs of patients, so they cannot gain the trust of ''patients with minor diseases.'' As a result, the outpatient service and inpatient visits of grassroot institutions are seriously insufficient, which leads to various drug and inspection charges being fewer and lower [20, 21] . The acceleration of urbanization and the lag in providing basic health facilities to meet demand means that high-quality medical resources are concentrated in large general hospitals [22] . Consequently, Chinese patients prefer hospitals for better treatments, a preference that is related to the functional orientation, diagnosis and treatment capacity of such institutions. Overall, the role of primary healthcare institutions in the treatment of diabetes needs to be further strengthened [23] . According to the policy of graded diagnosis and treatment in China, especially the prevention of diabetes, the management of diabetes patients, the prognosis of disease, the rehabilitation of primary medical and health institutions and the role of medical and health institutions at all levels can be improved. The present state is one of the reasons why the economic burden of diabetes is so heavy.
Regarding the service function of medical expenses of diabetes, there is a large difference between Hainan Province and the whole country, with the costs of hospitalization for diabetes in Hainan Province being about ten percentage points higher than the overall national level. This may be due to the high prevalence of diabetes mellitus in Hainan Province and the longterm hospitalization required. An analysis of the different types of medical institutions revealed that most expenses are spent in outpatient costs and drugs. In Ulrich et al.'s study, diabetes patients with insulin monotherapy or with a combination of insulin and oral antidiabetic drugs had significantly elevated costs compared with individuals without diabetes (3.98 vs. 2.58, respectively) [24] .
Diabetes mellitus is common among the elderly: the higher the age, the higher the medical expense [25] . Our research showed that the hospitalization expenses of patients aged \ 75 years old increased with age. However, in the final analysis, it is not age itself that was found to cause elevated medical expenses; rather, the decline of the functions of the human immune system and organs play a role. A decline of organ functions translates into more basic diseases; consequently, elderly diabetic patients may have one or more complications and need more care as the disease progresses, resulting in higher costs than patients in other age groups [26] . In recent years, however, there has been a trend for diabetic patients to be younger, attributed in part to the large changes in lifestyle and the living environment, greater working pressure, disordered dietary structure and irregular lifestyle that have appeared in the last decades. In comparison to older patients, patients in the younger age groups have short disease onset time, relatively single-treatment indicators, fewer complications and lower treatment costs. Thus, the results of our age distribution analysis gives a clear indication that people in the age group associated with high expenses should pay great attention to the prevention of diabetes.
Suggestion to Policy-Makers
Controlling Hospitalization Expenses and Improving Medical Insurance Studies on hospitalization costs for the management of diabetes mellitus and other diseases have shown that the number of hospitalization days are a positive correlation factor affecting hospitalization costs and that, consequently, limiting hospitalization days is an effective way to control medical costs [27] . Diabetic patients can reduce hospitalization rates by regulating their diet to control blood sugar, taking medicine on time and undergoing regular examinations to reduce complications.
The medical insurance management department should improve the level of medical insurance supervision and management, monitor the expenditure of hospitalization expenses for patients with different types of medical insurance, ensuring it is kept within a reasonable range, ensure the rational use of the funds available and regulate the unreasonable increase in hospitalization expenses. Reimbursement to the outpatient is still too low, resulting in large out-of-pocket expense. Therefore, the medical insurance management department should also pay more attention to this reimbursement ratio and make some adjustments.
Using Hierarchical Diagnosis and the Treatment System to Control Medical Expense
Medical expenses for diabetes in Hainan Province were mainly in high-level medical institutions, and there is little patient flow to primary healthcare institutions. Therefore, to reduce the economic burden of disease, it is necessary to improve both the role of primary healthcare institutions in the treatment of diabetes and the healthcare system so that patients receive good advice in choosing a primary healthcare institution [28] . Healthcare management institutions should strengthen the vocational skills training of medical staff in primary institutions, dispatch doctors from higher hospitals to attend clinics at the primary care level and improve the ability of healthcare workers at the grassroots level to manage chronic diseases similar to diabetes. The government should attach importance to the construction of basic facilities and support and encourage primary care medical institutions to carry out public health services, with the aim to increase the rate of patients visiting primary healthcare institutions.
Strengthen Prevention Measures and Curb the Prevalence of Diabetes
In the early stage of diabetes, strict control of blood glucose is an effective measure to reduce and delay microvascular complications [29, 30] . The American Diabetes Association published ''Diabetes Medical Standards'', which recommends that adult diabetes screening should start at age 45 years [31] . Basic medical institutions provide comprehensive preventive care for elderly patients with diabetes, including lectures on diabetes that provide patients with knowledge of the disease that will enable them to better interpret and communicate their condition and interpret the problems they may encounter, and conducting research on the patient's daily diet, exercise habits, blood sugar monitoring, and drug use. Specific preventive and healthcare measures can be formulated according to each patient's condition in terms of lifestyle changes, exercise and diet regimens, massage, among others. Nursing staff should regularly conduct telephone return visits and family return visits and establish online communication groups to solve the problems encountered by patients in real-time. In this way, patients can be encouraged to maintain good living habits in terms of diet, exercise and lifestyle [32] .
Study Limitations
Diabetes on its own is associated with high healthcare costs, but complications of the eye, kidney and cardiovascular and nervous systems may also arise, and these significantly increase the medical expenses. In this study we adopted SHA 2011, an internationally accepted healthcare accounting method, to study only the costs associated with the primary diagnosis and treatment of diabetes; the complications of diabetes were not included in the calculation. Future studies will explore the costs related to diabetes and complications. We only researched the direct financial burden of medical expenses for treating diabetic patients; any indirect cost burdens were not considered. In future studies, we will continue to explore the indirect burden accounting method so as to more accurately assess the economic pressures placed on diabetes patients.
CONCLUSION
This study on the medical expense of diabetes patients in Hainan province revealed that the economic burden of health expenses of diabetes patients is relatively heavy. Our study emphasizes the importance of reducing the economic burden of Hainan residents and of identifying the main factors which influence the medical expenses. We suggest promoting the hierarchical diagnosis and treatment system, improving the reimbursement ratio of medical insurance,
